Abstract: A workplace bleach exposure incident was studied in 13 women to determine whether chlorine caused neurobehavioral and pulmonary functional effects. We compared neurophysiological and neuropsychological measurements in 13 chlorine-exposed women, 4.5 years after exposure, and 41 unexposed women. Reaction times, balance, blink reflex latency, color discrimination and several psychological tests were measured. Pulmonary function was assessed by spirometry. A profile of mood states and frequencies of 35 symptoms were obtained. Chlorine exposed women performed statistically significantly below unexposed women for simple and choice reaction times, balance with eyes open and eyes closed, color discrimination, grip strength, Culture Fair, digit symbol substitution, vocabulary, trail making B and pegboard. Profile of mood states scores and frequency symptoms were elevated. Respiratory symptoms were elevated but pulmonary volumes and flows were not reduced. Chlorine bleach exposure was associated with impaired neurobehavioral functions and elevated POMS scores and symptom frequencies. Alternatives to chlorine should be used.
Introduction
Colorine is a pungent and irritating oxidant gas added to culinary water after filtration and settling. Chlorine bleach rinses disinfect dishes, utensils, kitchen counters and floors. Allied troops died of pulmonary edema when the Germans gassed the Ypres sector of the Western Front with chlorine in 1915 1) . In 1933 residual impairments were noted on these ex-soldiers 2) . Subjects exposed to a leaking chlorine tank died from multiple diffuse hemorrhages in the white matter ot the brain 3) . Subsequently chest tightness, cough, phlegm and airways obstruction were reported in chlorine exposed workers 4) . Pulpwood workers exposed to chlorine had chronic airway obstruction with cough and mucous production 5, 6) . Magnetic resonance imaging (MRI) of a chlorine exposed patient showed decreased signal in multiple areas in periventricular white matter, resembling the findings in multiple sclerosis 7) . Chloramines in water were associated with bladder cancer 8) . Recently, five residents exposed to chlorine released from a factory had neurobehavioral abnormalities 9) . Seventeen patients collected from other incidents showed brain damage including seizures and several had atrophy shown by magnetic resonance in MRI scans 10) . Now we report 13 women who had functional effects of a chlorine bleach exposure indoors, 4.5 years after their exposure, when compared to functions of 41 unexposed regional controls.
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Materials and Methods
Exposure
The 13 women, aged 31 to 58 years, worked in the kitchen of the Benton, AK, Nursing Home. Chlorine was liberated in the kitchen during opening a carton contained distended or broken plastic bottles of bleach-disinfecting solution (Novel-Wash, Grow Group). This kitchen work shift exposure lasted minutes. Four workers were in a 3.5 m × 2.5 m room and three were struck in the face as the package burst. They had immediate skin burning, abrupt onset of gasping, eye tearing and shortness of breath. Eight were in the adjoining kitchen. Within 20 minutes all 13 women were affected. This suggested that inhaled chlorine levels were above 5 ppm and possible above 50 ppm transiently 11) but air measurements had not been obtained. Employees and patients further away had tearing and throat irritation. Three women were treated in emergency rooms. Temporal lobe seizures were diagnosed in two subjects, 6 and 12 months after exposure. The 13 women developed flu-like symptms that lasted for months. After a 4.5 year interval without reexposure but in the same jobs without further incidents, they complained of headaches, loss of concentration, memory loss, shortness of breath and cough with mucus.
The unexposed regional referents were 41 women from Abbeville, LA studied 3 days before the 13 bleach-exposed women using the same methods and testers. They were the cohort matched controls for another investigation and exposure status of these groups was blinded 12) . Blinding was not possible for the 13 subjects. These subjects gave informed consent and the test protocol was approved by the Human Studies Research Committee of the University of Southern California, Keck School of Medicine. They were studied in private, temperature-controlled rooms by several testers in the mornings of 2 days.
Self-administered questionnaires for chemical exposure, occupational, respiratory 13) , medical and neurological and psychiatric disorders and symptoms 12) were completed, checked for omissions by computer guided reading on site and rectified. Frequencies of 35 complaints were rated on a 10 point scale form rare=1 to daily=11 on machine readable forms 12) . POMS scores and symptom frequencies of groups were compared by analysis of variance (ANOVA).
The neurophysiological and neuropsychological test battery evolved during studies of histology technicians 14) , firemen exposed to thermolysis products of PCBs 15) and a slovent exposed population 16) . Quantitative balance (speed of sway) and blink tests have been described in detail 12) . Intoxication with alcohol was ruled out in all subjects by analyzing air expired after a 20 second breath hold for alcohol and carbon monoxide using fuel cell analyzers.
Simple reaction time and visual two choice reaction time were measured from appearance on a computer screen of a 10 cm letter A for simple and A or S for choice to its cancellation by touching a keypad 17) . Body balance was measured as sway speed by tracking the position of a sound emitter on the head using 2 microphones recording to a laptop computer 18) . Blink reflex latency was measured electromyographically using electrodes above and below the outer canthus of each eye after tapping the supraorbital notch with a small hammer that also began timing for the initial response, R-1 and for R-2. Ten responses were averaged on each side 19) . The desaturated hue test measured color discrimination errors in placement of 15 desaturated disks 20) and was scored by Bowman's method 21) . Immediate verbal recall was measured with stories from Wechsler's Memory Scale revised 22) . Culture Fair (battery 2A) tested non-verbal non-arithmetical intelligence was 46 designs in 4 groups 23) . Digit symbol substitution, information, picture completion and similarities were from the Wechsler Adult Intelligence Scale Revised (WAIS-R) 24) . Grooved pegboard, trail making A and B and fingertip number writing were from the Halstead battery 25) . The vocabulary test was from Jackson's multidimensional aptitude battery 26) . Mood states were self profiled with POMS 27) .
Spirometric measurements
Subjects stood, used a nose clip, took a full inspiration and expired for 10 seconds into a volume displacement spirometer (Ohio) repeatedly until two volumes agreed within 5%. Comparisons were made to a Michigan referent population tested in the same way 28) and expressed as percentage of predicted. Percent predicted values for groups were compared, Table 1 .
Data analysis
All test scores and computed data for sway, blink and reaction time were entered into an IBM compatible computer and prediction equations and analysis of variance (ANOVA) used Stata Statistical Software (Stata Corporation, 702 University Drive East, College Station, TX 77840, 1993). Statistical significance was defined as p<0.05. All were women, so no adjustments were needed for gender. Prediction equations from group based models adjusted individual data for the 14 average year difference in age, and for small differences in educational attainment, height, weight and other demographic factors for individuals, when these coefficients were statistically significant 29) . Groups observed scores adjusted as percent predicted were compared as their percent predicted values by analysis of variance, Table 2 . Mean values for 13 age matched controls were also compared to the exposed group.
Results
The 13 women had excessive frequencies of phlegm production, painful breathing, wheezing and shortness of breath, at rest and during exercise, indicating airway disease ( Table 1) . Most of them met the criteria to diagnose chronic bronchitis and asthma. After adjusting for years of smoking, age and height, pulmonary volume and flow measurements were normal 28) . Neurobehavioral test scores differed significantly (Table  2 ) from the regional referents for simple and choice reaciton time, balance as sway speed (with eyes open and eyes closed), color discrimination errors, grip strength, Culture Fair A, digit symbol substitution, vocabulary and trail making B. The cultural background-remote memory functional domain, tested by information, picture completion and similarities, was not different for exposed and referent groups. Reduced immediate verbal recall was not statistically significant. Differences compared by t test matched those by ANOVA. The matched 13 to 13 analyses sustained the significance of all differences except for vocabulary and culture faire because the older controls varied more.
Profile if Mood States scores were significantly elevated above referents for anxiey, depression, fatigue, anger and confusion, and vigor was reduced, (A+D+F+A+C-V=score) Table 2 . The frequencies of 26 of 35 symptoms were significantly greater in exposed women (Table 3) compared to referents with frequent chest tightness, shortness of breath, productive cough, eye and throat irritation. Frequent central nervous system (CNS) symptoms were lightheadedness, disturbed balance, headache, loss of concentration and of recent memory.
Possible confounders such as medical, neurological and psychiatric disease, exposure to other chemicals, other occupations and to anesthetic agents, automobile accidents and unconsciousness had similar prevalences for exposed and unexposed subjects so their influence was balanced. The use of alcohol and medications was rare. Two of the 3 women nearest to the bursting chlorine bottles had developed seizures and they were most impaired. These seizures were characterized by brief periods of staring, disorientation without loss of motor control, incontinence or movements but with "postictal confusion and depression".
Discussion
Chlorine concentration peaks appear more important than duration for predicting adverse health effects. From the acute symptoms of the 4 women in the samll room and their subsequent chronic respiratory symptoms the dose was estimated between 20 and 100 ppm. A 5 to 10 minute exposure to 100 ppm is fatal in 30 or 40% by a consensus of emergency planners 30) . When released refrigerated cholorine stored under pressure boils instantly and flashes into vapor with cooling. The cool dense cloud piles on the floor quickly reaching breathing level. Thus the other 9 women were probably exposed in a few seconds. But because of blinding by tears they stumbled about and probably had seconds to minutes of exposure.
The 13 women had cough, shortness of breath, eye and throat irritation. They had chest pain and wheezing accompanied by airways obstruction that was consisitent with chronic bronchitis and asthma. Whether neurobehavioral impairments developed shortly after exposure or incubated gradually could not be determined. There were no shared factors in the workers histories that could explain CNS impairment. Because of the 12.6 year difference in average age of exposed and control women, we repeated the analysis using age matched controls and verified the results except when the variable increased with smaller groups as it did for Culture Fair and vocabulary. Variance not age was the spoiler.
Although increased symptoms and behavioral changes have been attributed to participation in personal injury litigation 31) no adverse effects on physiological and psychological measurements have been shown. In fact, increased tension, anxiety and anger should improve alertness and enhance responsiveness for reaction time and making trails. Bias by testers is unlikely as they simply monitored the measured performance (in milliseconds or in seconds) and did not "interpret" the tests. The abnormalities in these patients resembled those in five subjects exposed at home when 43 tons of chlorine gas enveloped Henderson, NV. Four years after exposure balance, simple and choice reaction time, verbal recall and vocabulary were impaired 19) . Also these 13 patients' impairments were similar to those of 17 others patients exposed to chlorine from escape during its delivery, from a swimming pool chlorinator malfunction and from cleaning and disinfecting with bleach 10) . Possible ill effects from chlorine on the human central nervous system were poorly defined previously 2) . Attention focused on the eyes and respiratory tract. Respiratory symptoms and functions dominated reports. Other problems were considered emotional. Clinical neurological examinations are not sensitve to the impairments detected by neurobehavioral testing. Perhaps the most disturbing CNS effect associated with chlorine was partial motor, temporal lobe, seizures 32) in 3 of 20 patients observed. New observations risk rejection because it is tacitly assumed that all is known, if not it is coincidence or that the observation is flawed. When these responses interfere with calling attention to new syndromes, physicians typically assemble several patients. Rarely such a series springs from one incidents, as did this one, taking care of coincidence and making flaws of observation unlikely, Another hurdle for a "new" toxic agent is, the dose must be measured. In the incident described the moments to measure chlorine disappeared in minutes with the gas. Chlorine boils upon release from storage. Its vapor pressure is 33.8 at 0°C so doses reach equilibrium indoors at 20°C in seconds 30, 33) . What mechanism is responsible for the CNS effects of chlorine? Chlorine produces chlorine dioxide and hypochlorous acid that liberate free radicals (O 2 + ) and organic chlorine products. Free radicals disrupt cellular proteins. Chlorine's rapid absorption from inspired air into circulating blood transports chlorine and its by-products to the brain. Transfer into astrocytes and neurons could cause toxic stimulation and cell death 34) . These observations of an incident were a "captured but unplanned experiment". They show that chlorine is not a safe sterilizing agent and should discourge its use. Chlorine exposed people should be monitored for CNS impairment. This report should alert physicians to measure CNS effects in people exposed to chlorine, to look for chlorine adducts in blood shortly after exposure to assess antioxidant therapy and to determine the latency, when CNS impairment can be detected after exposure.
These new observations and others show that the transport and handling of concentrated chlorine is dangerous 33) . Concentrations injurious to the human CNS may be found around indoor swimming pools, sewage treatment plants and from cleaning of floors and sterillization of dishes and utensils, especially indoors 35, 36) . Transport of compressed chlorine in cylinders or spheres on highways and railways risks accidents and human exposures 10, 33) .
